Histotroph is required for survival and development of ovine conceptuses (embryo and extraembryonic membranes). Results from our laboratory indicate that arginine (Arg), leucine (Leu), glutamine (Gln), and glucose increase in the uterine lumen between Days 10 and 15 of pregnancy, coincident with increases in expression of amino acid and glucose transporters by uterine epithelia as well as trophectoderm and yolk sac of conceptuses and elongation of the conceptus trophectoderm. Therefore, we hypothesized that Arg, Leu, Gln, and glucose have differential effects on hypertrophy, hyperplasia, and differentiated functions of trophectoderm cells that are critical to conceptus development. Primary ovine trophectoderm (oTr) cells isolated from Day 15 conceptuses were serum-starved for 24 h in a customized medium, deprived of select nutrients, and then treated with either Arg, Leu, Gln, or glucose. Western blot analyses of whole oTr cell extracts revealed that Arg, Leu, and glucose, but not Gln, increased phosphorylated AKT1 by 2.8-, 2.5-, and 1.8-fold, respectively, within 15 min, and the increase was maintained to 60 min. Arg, Leu, and glucose also stimulated increases in phosphorylated ribosomal protein S6K (pRPS6K) by 4.2-, 4.7-, and 2.3-fold, respectively, within 15 min, as well as increases in phosphorylated ribosomal protein S6 (pRPS6) between 0 and 30 min posttreatment, that were sustained to 60 min. When oTr cells were treated with Arg, pRPS6K protein increased in nuclei, but this was not observed in nuclei of oTr cells treated with Leu and glucose. Immunocytochemical analyses also revealed abundant amounts of pRPS6 protein in the cytoplasm of oTr cells treated with Arg, Leu, and glucose. Furthermore, Arg and Leu increased proliferation and migration of oTr cells. Collectively, these results indicate that Arg, Leu, and glucose, but not Gln, in histotroph coordinately activate AKT1-mechanistic target of rapamycin and RPS6K-RPS6 cell signaling pathways to stimulate hypertrophy, hyperplasia, and migration of oTr cells.
INTRODUCTION
During the peri-implantation period, blastocysts undergo morphological transition from spherical to tubular and then elongated filamentous forms that develop into conceptuses (embryo/fetus and its associated extraembryonic membranes) [1, 2] . These morphological changes resulting in elongation of the conceptus are supported by secretions from endometrial epithelia referred to as histotroph, which includes growth factors, hormones, cytokines, ions, lipids, glucose, and amino acids that derive primarily in response to direct or indirect effects of progesterone [3] . In sheep, studies of the uterine gland knockout ewe model established that secretions of the endometrial glandular epithelium are essential for conceptus survival, elongation of trophectoderm, and initiation of pregnancy recognition signaling [4] [5] [6] [7] .
Amino acids serve as essential precursors for the synthesis of proteins and many biologically active substances, including polyamines, nitric oxide (NO), peptides, neurotransmitters, nucleotides, and creatine [8] [9] [10] . Amino acids also function as regulators of hormone secretion [11, 12] , as major energy sources for fetal-placental growth [13] [14] [15] [16] , and as cell signaling molecules [8, 17, 18] . In particular, NO, synthesized from Larginine (Arg), is metabolically versatile and has potential physiological roles in regulating placental angiogenesis [19] and uterine blood flow during gestation [20, 21] . Polyamines also derive from conversion of Arg to ornithine by arginase and then conversion of ornithine to polyamines by ornithine decarboxylase (ODC1). The polyamines are essential for placental development and mammalian embryogenesis [22] . Furthermore, Arg and/or leucine (Leu) have pivotal roles in outgrowth of trophectoderm required for blastocyst motility and implantation in mice [23, 24] . Glucose and glutamine (Gln) are major energy sources for conceptuses during development, because they regulate trophoblast cell proliferation and function through the Gln:fructose-6-phosphate-amidotransferase-mediated mechanistic target of rapamycin (MTOR, formerly FRAP1) signaling pathway [25] .
In support of a crucial role for amino acids and glucose in embryogenesis and conceptus growth and development, we reported previously that 1) total recoverable amounts of Arg, Leu, Gln, and glucose increase in the uterine lumen by 13-, 10-, 15-, and 7-fold, respectively, in pregnant, but not in cyclic, ewes between Days 10 and 15 after onset of estrus [26] ; 2) transporters for cationic, neutral, and acidic amino acids are expressed or increase in uterine epithelia and conceptuses [27, 28] ; and 3) the abundance of both facilitative (SLC2A1) and sodium-dependent (SLC5A1) glucose transporters increase in uterine epithelia and conceptus trophectoderm (SLC2A3) during the peri-implantation period [29, 30] . A sufficient supply of nutrients to the conceptus may be particularly important for domestic livestock species, including ruminants and pigs, which have synepitheliochorial and epitheliochorial placentae, respectively, and for conceptuses that undergo rapid elongation during a protracted peri-implantation period [31] . Despite the requirement for histotroph, little is known about contributions of individual nutrients on cell signaling pathways in trophectoderm cells and how nutrients stimulate conceptus development during pregnancy, particularly in sheep and other ruminants. Therefore, the present study was performed to determine the molecular mechanisms by which Arg, Leu, Gln, and glucose activate MTOR-ribosomal protein S6K (RPS6K)-ribosomal protein S6 (RPS6) cell signaling in ovine trophectoderm (oTr) cells and their respective biological effects on proliferation and migration of those cells (Fig. 1) .
MATERIALS AND METHODS

Cell Culture
An established mononuclear oTr cell line from Day 15 conceptuses was used in the present in vitro studies as described previously [32] . One cell line, referred to as oTr, was cultured in Dulbecco modified Eagle medium (DMEM)-Ham F12 that included 10% fetal bovine serum, 50 U of penicillin, 50 lg of streptomycin, 0.1 mM each for nonessential amino acids, 1 mM sodium pyruvate, 2 mM Gln, and 0.7 lM insulin. When the density of cells in dishes reached approximately 80% confluence, they were passaged at a 1:3 ratio, and frozen stocks of cells were prepared at each passage. For experiments, monolayer cultures of oTr cells (between passages 9 and 13) were grown in culture medium to 80% confluence in 100-mm tissue culture plates. Cells were serum-starved for 24 h in customized medium [33] containing approximately one-tenth the amount of each amino acid and glucose compared to fully supplemented culture medium; deprived of either Arg, Leu, Gln, or glucose for 6 h; and then treated with Arg, Leu, Gln, or glucose in a dose-and timedependent manner. This design was replicated in three independent experiments.
Immunofluorescence Analyses
The effects of amino acids and glucose on phosphorylation of RPS6K and RPS6 were determined by immunofluorescence microscopy as previously described [34, 35] . Briefly, oTr cells were grown in Lab-Tek four-well chamber slides (Nalge Nunc International) and treated with 0.2 mM Arg, 0.2 mM Leu, 0.5 mM Gln, or 4 mM glucose for either 30 or 60 min. At the indicated times, cells were fixed for 10 min in paraformaldehyde, rinsed, blocked in 5% normal goat serum, and incubated with primary antibody overnight at 48C. Rabbit immunoglobulin (Ig) G was substituted for the primary antibody as a negative control. Cells probed with rabbit anti-human polyclonal phospho-RPS6K IgG (Thr421/Ser424) (catalog no. 9204) at a 1:200 dilution or rabbit anti-human polyclonal phospho-RPS6 IgG (catalog no. 2215) at a 1:200 dilution (both antibodies were from Cell Signaling Technology) were incubated with goat anti-rabbit IgG Alexa 488 (Chemicon) at a 1:200 dilution for 1 h at room temperature. Cells were washed in PBS/Tween before incubation overnight in mouse anti-RPS6 (catalog no. 2317; Cell Signaling Technology) at a 1:200 dilution at 48C. Cells were then washed, incubated in goat anti-mouse IgG Alexa 594 at a 1:200 dilution, and overlaid with Prolong Gold Antifade with 4 0 ,6-diamidino-2-phenylindole (DAPI). Slides were stored at 48C in the dark before microscopic analyses. Fluorescence images of cells after treatment were captured using an Axioplan 2 microscope with an Axiocam HR digital camera and Axiovision 4 software. For each primary antibody, images were captured with identical microscope and detector settings to facilitate comparisons of spatial distribution and fluorescence intensity among treatments.
Western Blot Analyses
Whole-cell extracts and immunoblot assays were prepared and performed as described previously [32, 34] . To harvest total cellular proteins for Western blot analyses, oTr cells were rinsed with cold PBS and lysed by incubation in lysis buffer (1% Triton X-100, 0.5% Nonidet P-40, 150 mM NaCl, 10 mM Tris, 1 mM ethylenediaminetetra-acetic acid, 1 mM ethylene glycol tetraacetic acid, 0.2 mM Na 3 VO 4 , 0.2 mM phenylmethylsulfonylfluoride, 50 mM NaF, 30 mM Na 4 P 2 O 7 , 1 lg/ml of leupeptin, and 1 lg/ml of pepstatin) for 30 min at 48C. Cell lysates were passed through a 26-gauge needle and clarified by centrifugation (16 000 3 g, 15 min, 48C). The protein content was determined using the Bradford protein assay (Bio-Rad) with bovine serum albumin as the standard. Proteins were denatured, separated using SDS-PAGE, transferred to nitrocellulose, and underwent Western blotting as described previously [32] using enhanced chemiluminescence detection (SuperSignal West Pico; Pierce) and X-OMAT AR x-ray film (Kodak) according to the manufacturer's recommendations. All antibodies used in these experiments were purchased from Cell Signaling Technology. Immunoreactive proteins were detected using rabbit anti-mouse polyclonal phospho-AKT1 IgG (Ser473/Thr308) (catalog no. 9271 and 9275) at a 1:1000 dilution and 10% SDS-PAGE gel, rabbit antihuman polyclonal phospho-RPS6K IgG (Thr421/Ser424) (catalog no. 9204) at 1:1000 dilution and 10% SDS-PAGE gel, and rabbit anti-human polyclonal phospho-RPS6 IgG (catalog no. 2215) at 1:1000 dilution and 12% SDS-PAGE gel. As a loading control, Western blotting was performed using mouse antialpha tubulin (TUBA) IgG (catalog no. T5168; Sigma). Multiple exposures of each Western blot were conducted to ensure linearity of chemiluminescent signals. Western blots were quantified by measuring the intensity of light emitted from correctly sized bands under ultraviolet light using a ChemiDoc EQ system and Quantity One software (Bio-Rad).
Proliferation Assay
The oTr cells were subcultured in 24-well plates (50% confluence) in growth medium until the monolayer reached 80% confluence and then switched to serum-and insulin-free customized medium. After starvation for 24 h, cells were deprived of amino acids or glucose for 6 h, and treatments were then added to each well (n ¼ 3 wells/treatment) that included combinations of either 1) serum-and insulin-free customized medium, a negative control; 2) Arg, Leu, Gln, or glucose at the indicated doses with 5% serum; or 3) 10% serum containing medium as a positive control. The media were changed every 2 days, and treated cells were maintained for 4 days. Cell numbers were determined as described previously [36, 37] . Briefly, DMEM was removed from cells by vacuum aspiration, and cells were fixed in 50% ethanol for 30 min, followed by vacuum aspiration of the fixative. Fixed cells were stained with Janus Green B in PBS (0.2% w/v) for 3 min at room temperature. The stain was immediately removed using a vacuum aspirator, and the whole plate was sequentially dipped into water and destained by gentle shaking. The remaining water was removed by shaking, after which stained cells were immediately lysed in 0.5 N HCl and absorbance readings were taken at 595 nm using a microplate reader. As described previously [36] , cell numbers were calculated from absorbance readings using the following formula: cell number ¼ (absorbance -0.00462)/0.00006926. The entire experiment was repeated independently three times with different batches of oTr cells between passages 7 and 10. 
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Migration Assay
Migration assays were conducted with oTr cells as described previously [32, 38] . Briefly, oTr cells (50 000 cells per 100 ll of serum-and insulin-free DMEM) were seeded on Transwell inserts (pore size, 8 lm; Corning Costar 3422). Treatments identical to those previously used for Western blotting were used for proliferation assays (n ¼ 3 wells/treatment). After 12 h, cells on the upper side of the inserts were removed with a cotton swab. For evaluation of cells that migrated onto the lower surface, inserts were fixed in 50% ethanol for 5 min. The transwell membranes were then removed, placed on a glass slide with the side containing cells facing up, overlaid with Prolong antifade mounting reagent with DAPI, and then overlaid again with a cover slip (Invitrogen-Molecular Probes). The migrated cells were systematically counted using a Zeiss Axioplan 2 fluorescence microscope with Axiocam HR digital camera and Axiovision 4.3 software (Carl Zeiss Microimaging). The entire experiment was repeated at least three times with different batches of oTr cells between passages 7 and 10.
Statistical Analyses
All quantitative data were subjected to least-squares ANOVA [39] using the general linear models procedures of the Statistical Analysis System (SAS Institute). Western blot data were corrected for differences in sample loading using TUBA data as a covariate. All tests of significance were performed using the appropriate error terms according to the expectation of the mean squares for error. Significance was considered to be P 0.05. Data are presented as the least-squares mean (LSM) and SEM.
RESULTS
Dose-Dependent Phosphorylation of RPS6K by Arg, Leu, and Glucose, but Not Gln
The oTr cells deprived of amino acids or glucose for 6 h after serum starvation were treated with either Arg, Leu, Gln, or glucose at the indicated doses. Cells treated with Arg and Leu increased phosphorylation of RPS6K in a dose-dependent manner over basal levels (Fig. 2) . Glucose, the primary metabolic fuel for conceptuses, also activated RPS6K, but Gln did not. Basal levels of RPS6K were similar in all groups. However, the exposure time was relatively short for oTr cells treated with Arg, Leu, and glucose, because these nutrients stimulated a rapid increase in phosphorylation of RPS6K. In subsequent experiments, oTr cells were treated with either 0.2 mM Arg, 0.2 mM Leu, 0.5 mM Gln, or 4 mM glucose.
Arg, Leu, and Glucose, but Not Gln, Activate AKT1-MTOR-
RPS6K-RPS6 Signal Transduction in oTr Cells
Western blot analyses of whole oTr cell extracts using antibodies to phosphorylated target proteins revealed that Arg increased (P , 0.01) phosphorylated AKT1 (pAKT1), phosphorylated RPS6K (pRPS6K), and phosphorylated RPS6 (pRPS6) by 2.8-, 4.2-, and 12-fold over basal levels, respectively, within 15 min, and this activation was maintained to 60 min (Fig. 3A) . Leu stimulated a rapid, 2.5-fold (P , 0.01) increase in pAKT1 as well as increases in pRPS6K and pRPS6 by 4.7-fold (P , 0.001) and 15-fold (P , 0.001) within 15 min that were sustained through 60 min (Fig. 3B) . Glucose also stimulated pAKT, pRPS6K, and pRPS6 protein abundance by 1.8-fold (P , 0.01), 2.3-fold (P , 0.005), and 7-fold (P , 0.001), respectively, over basal levels within 60 min (Fig. 3D) . Gln did not activate any component of this cell signaling pathway (Fig. 3C) .
Phosphorylation of RPS6K and RPS6 by Arg, Leu, and Glucose
The effects of Arg, Leu, and glucose on the phosphorylation of RPS6K proteins were determined by immunofluorescence analyses (Fig. 4) . In the present study, we compared localization of total proteins and phosphorylated proteins. The oTr cells were incubated for 30 min with either 0.2 mM Arg, 0.2 mM Leu, 0.5 mM Gln, or 4 mM glucose. In untreated and glucose-treated oTr cells, total RPS6K was found primarily in the cytosol, whereas low levels of pRPS6K were detected in the nuclei (Fig. 4) . The levels of nuclear pRPS6K increased after treatment with Arg (Fig. 4) . A slight, but nonsignificant, increase was found in pRPS6K in cells treated with Leu and Gln compared to control cells (Fig. 4) .
The intracellular location of total RPS6 protein was also determined by double-staining immunofluorescence (Fig. 5) . Total RPS6 was detectable mainly in the cytoplasm of untreated and treated cells, because RPS6 is the ribosomal protein typically activated through the MTOR pathway for mRNA translation in cytoplasm [40] . After 30 min of treatment with Arg, Leu, or glucose, phosphorylation of cytoplasmic RPS6 protein increased significantly (Fig. 5) .
Inhibition of Effects of Arg, Leu, and Glucose by Rapamycin and LY294002
To determine the cell signaling pathways mediating effects of Arg, Leu, and glucose on AKT1, RPS6K, and RPS6, oTr cells were pretreated with pharmacological inhibitors of either PIK3 (25 lM LY294002) or MTOR kinase (25 nM rapamycin) for 30 min. Phosphorylation of both RPS6K and RPS6 in response to Arg, Leu, and glucose was inhibited by the inhibitors of both PIK3 (P , 0.001) and MTOR (P , 0.005) (Fig. 6) , which indicated that activation of the RPS6K-RPS6 pathway by Arg, Leu, and glucose is required for translational activation of both AKT1 and MTOR in the nutrient-induced cell signaling cascade. 
Effect of Arg, Leu, Gln, and Glucose on Cell Proliferation and Migration
Cell proliferation and cell migration assays were conducted to investigate biological effects of Arg, Leu, Gln, and glucose on oTr cells. In the cell proliferation assays, treatment of oTr cells with either Arg, Leu, Gln, or glucose in customized medium containing 5% serum for 4 days increased oTr cell numbers by approximately 14-, 5-, 1.3-, and 2.4-fold, respectively (Fig. 7) . In addition, treatment with 0.2 mM Arg, 0.2 mM Leu, 0.5 mM Gln, and 4 mM glucose increased migration of oTr cells by approximately 3.3-, 2.3-, 1.4-, and 1.7-fold, respectively (Fig. 8) .
DISCUSSION
In the present study, customized medium containing physiological concentrations of all other amino acids was used to mimic the in vivo state, and oTr cells deprived of select nutrients were used to determine individual effects of Arg, Leu, Gln, and glucose on signal transduction via the MTOR pathway. To our knowledge, the present study provide the first detailed analyses of the actions of individual amino acids and glucose on cell signaling pathways as well as selected biological effects of these nutrients on oTr cells. The results support our hypothesis [26, 27, 30, 41] that select nutrients activate the MTOR cell signaling pathway to stimulate proliferation and migration of conceptus trophectoderm cells during the peri-implantation period of pregnancy in sheep.
Results of previous studies showed that early activation of MTOR cell signaling, including AKT1, RPS6K, and RPS6 by amino acids, is required for development of blastocysts and conceptuses [8, 23, 24, 42] . In the present study, we first examined molecular mechanisms by which amino acids and glucose stimulate MTOR in vitro by determining effects on RPS6K phosphorylation (as an indicator of the activation of MTOR/RPS6K cell signaling). Our results indicated that Arg and Leu, but not Gln, increased phosphorylation of RPS6K within 15 min and sustained this state of activation to 60 min. This finding supports several lines of evidence that Arg and Leu have the greatest effects on MTOR and RPS6K signaling in cells from the intestine and, in fact, in most mammalian cells [43] [44] [45] [46] [47] [48] . Furthermore, Arg-and Leu-induced phosphorylation of AKT1 and RPS6 was inhibited completely by both LY294002 (PIK3-AKT1 inhibitor) and rapamycin (MTOR inhibitor). In response to amino acid stimulation, RPS6K phosphorylates RPS6 proteins, resulting in an increase in mRNA translation [49] [50] [51] . In addition, immunoreactive pRPS6K protein translocated to, and was particularly abundant in, nuclei of oTr cells treated with Arg, which agrees with the spatial distribution of pRPS6K in nuclei of the oTr and ovine endoderm [32] . Recently, the MTOR/RPS6K signaling cascade was demonstrated to exist in both the cytoplasm and nucleus [41, 52, 53] . Abundance of pRPS6 in cells treated with Arg and Leu was significantly increased in cytoplasm, consistent with results from in vivo studies that indicated pRPS6 was present in the cytoplasm of conceptus trophectoderm (Kim and Bazer, unpublished data) [54] . Unlike Arg and Leu, however, Gln is a key regulator for amino acid-controlled cell growth [55] [56] [57] and a stimulator of mitogen-activated protein kinase and MTOR/RPS6K pathways to enhance mucosal cell migration and wound healing in intestinal cells [58] . Our finding that Gln did not affect phosphorylation of MTOR/RPS6K pathway proteins is consistent with that of Ban et al. [44] . However, we cannot discount the possibility that Gln may be necessary for cell signaling cascades [59] , because intracellular Gln is known Monolayers of 80% confluent oTr cells were serum-starved for 24 h; then deprived of either Arg, Leu, Gln, or Gluc for 6 h; and then treated with physiological concentrations of either Arg (0.2 mM), Leu (0.2 mM), Gln (0.5 mM), or Gluc (4 mM). Blots were imaged to calculate the normalized values as levels of phosphorylated protein relative to total protein.
SELECT NUTRIENTS AFFECT OVINE TROPHECTODERM to stimulate MTOR signaling by promoting the uptake of amino acids into cells [58, [60] [61] [62] and to be essential for the survival and growth of most cultured cells [63] . Glucose, a primary energy source for cells, generates ATP to inactivate AMP-activated protein kinase (AMPK) that leads to MTOR activation [64] , but recent reports indicate that the signals derived from glucose metabolites play important roles in the control of other cellular activities, including phosphorylation of MTOR, which is essential for cell survival, growth, and development [65] [66] [67] [68] . However, little is known about signaling pathways stimulated by glucose in the oTr during conceptus development in pregnancy. In the present study, results indicated that glucose stimulates phosphorylation and activation of AKT1, RPS6K, and RPS6 in oTr cells within 60 min and that this effect was inhibited completely by either LY294002 (PIK3-AKT1 inhibitor) or rapamycin (MTOR inhibitor). These results indicate that glucose-induced activation of MTOR in oTr cells is mediated through PIK3-AKT signaling. It has been reported that glucose stimulation of MTOR is mediated by formation of glucosamine-6-phosphate in the Gln:fructose-6-phosphate transaminase (GFPT) reaction [25] and that the activity of GFPT is regulated by glucose   FIG. 4 . Immunocytochemical localization of pRPS6K protein in oTr cells. Immunoreactive pRPS6K protein was localized to the nucleus and/or cytoplasm of oTr cells using rabbit anti-human phospho-RPS6K (Thr421/ Ser424) polyclonal antibody. Only Argtreated oTr cells exhibited translocation of pRPS6K protein to the nucleus, whereas total RPS6K was primarily localized in the cytoplasm. Original magnification 340. uptake, feedback inhibition of N-acetyl glucosamine, and AMPK [69, 70] . Furthermore, in glucose-depleted cells, GFPT activity was affected by activation of an upstream negative regulator of MTOR, such as AMPK [69] . In the present study, we demonstrated that glucose stimulates oTr cell proliferation (Fig. 7) . Although the effect of glucose on proliferation was independent of PIK3 in human trophoblast cells [25] , our results clearly indicate that glucose-induced proliferation of oTr cells is mediated through MTOR activation. It should be noted that the PIK3-independent effects of glucose on human trophoblast cells were achieved at 22 mM glucose [25] , compared to an optimum dose of 4 mM glucose in the present study with oTr cells. Furthermore, immunoreactive pRPS6 proteins were abundant in cytoplasm of cells treated with glucose, similar to effects mediated by Arg and Leu. Thus, glucose stimulates the MTOR signaling pathway through AKT for protein translation and proliferation, which supports rapid growth of ovine trophoblast during the peri-implantation period of pregnancy.
In addition to activation of cell signaling pathways, Arg and Leu increased proliferation and migration of oTr cells (Figs. 7 and 8). Our laboratory has also identified candidate molecules, including galectin 15, secreted phosphoprotein 1 (also known as osteopontin), and insulin-like growth factor 2, that influence implantation of conceptuses by increasing migration, but not proliferation, of trophectoderm cells [32, 38] . The effects of Arg and Leu on cell proliferation are striking and indicate their physiological importance for fetal growth. We previously   FIG. 6 . Inhibition of RPS6K and RPS6 phosphorylation. Monolayers of 80% confluent oTr cells were serum-starved for 24 h, deprived of amino acids or glucose (Gluc) for 6 h, and then pretreated with either 25 lM LY294002 or 25 nM rapamycin for 30 min. After stimulation with 0.2 mM Arg, 0.2 mM Leu, or 4 mM glucose for 30 or 60 min, total cell lysates were subjected to 10% SDS-PAGE followed by Western blotting. Both rapamycin and LY294002 inhibited increases in pRPS6K and RPS6. Blots were imaged to calculate the normalized values presented as levels of phosphorylated protein relative to total protein.
FIG. 7. Dose-dependent effects of Arg, Leu, Gln, and glucose (Gluc) on proliferation of oTr cells. The oTr cells were seeded at 30% confluence in microwells and cultured with the indicated doses of Arg, Leu, Gln, or Gluc. Cell numbers were determined after 4 days of incubation, and data are expressed at a percentage relative to nontreated control (100%). All quantitative data are presented as the LSM with overall SEM. Arg (0.2 mM), Leu (0.2 mM), and Gluc (4 mM) were most effective, stimulating proliferation of oTr cells by 15-fold (P , 0.001), 5.3-fold (P , 0.001), and 2.7-fold (P , 0.01), respectively, after 4 days, whereas Gln (0.5 mM) did not have a significant effect. Asterisks denote an effect of treatment (*P , 0.01, **P , 0.001).
SELECT NUTRIENTS AFFECT OVINE TROPHECTODERM
reported that the expression of NO synthase, guanosine triphosphate cyclohydrolase, and ODC1 in ovine uterine endometria and conceptuses increased during the peri-implantation period when the conceptus is undergoing rapid growth, attachment to the uterine luminal epithelium, and signaling for establishment of pregnancy [71] . Thus, results of the present study strongly support the hypothesis that selected amino acids and glucose transported into the uterine lumen by uterine epithelia stimulate cell proliferation and migration of conceptus trophectoderm via activation of the AKT1-MTOR/FRAP1-RPS6K-RPS6 cell signaling cascade for conceptus development.
In conclusion, amino acids and glucose activate the AKT1-MTOR/FRAP1-RPS6K-RPS6 cell signaling cascade to activate developmentally related events affecting cell proliferation and migration in ovine conceptuses during the peri-implantation period. These results provide important insights regarding the mechanisms by which select nutrients in uterine histotroph regulate conceptus development during the peri-implantation period of pregnancy in sheep.
